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bility  of a  relationship  between the  two,  an  in- 
vestigation was undertaken in the hope of learning 
more concerning the existence of such an associa- 
tion using standard cytochemical methods. These 
techniques alone seldom permit more than a simple 
detection of most compounds. However, it was felt 
that an appropriate combination of methods might 
reveal  a  possible  association  of RNA  and  basic 
proteins  if  the  two  were  linked  by  groups  that 
participate in staining. 
MATERIALS  AND  METHODS 
Species belonging to the following genera were stud- 
ied:  Ciona, Ascidia, Ectinascidia,  Styela, Microcosmos, 
Pyura,  Molgula,  and  Salpa. 3-he  results  and  figures 
presented here are from Pyura gibbosa and are typical 
for all the species examined. After collection, individu- 
als  were either transported from the seashore to the 
laboratory  under  refrigeration,  where  they  were 
promptly" dissected and fixed, or else  they were dis- 
sected and fixed in the field. In either case small pieces 
of ovotestis were removed and fixed in either acetic: 
ethanol (3:1) or 10 per cent neutral, buffered forma- 
lin.  The  tissue was then imbedded in  paraffin  and 
sectioned at  15 g. 
The  presence  of  nucleic  acids  was  detected  by 
means  of  the  methyl  green-pyronin  method  of 
Kurnick  (1955),  the gallocyanin method of Einarson 
(1951),  and the Feulgen reaction. Control slides were 
incubated in crystalline ribonuclease or  desoxyribo- 
nuclease  (Worthington  Biochemical  Corporation, 
Freehold,  New  Jersey)  prior  to  staining.  For  the 
staining  of  general  protein  amino  groups,  brom- 
phenol  blue  was  used,  both  with  and  without  the 
addition of mercuric chloride. Fast green FCF at pH2 
was also used as  a  general protein stain. Basic pro- 
teins were selectively stained by means of the alkaline 
fast  green method of Alfert  and  Geschwind  (1953) 
following the removal of both nucleic acids with hot 
trichloroacetic acid (TCA), or removal of RNA alone 
by means of ribonuclease or cold perchloric acid. All 
the fast green FCF used in  this work  was obtained 
from the Allied Chemical Corp. (New York) and was 
certified "93  per  cent dye content." The tryptophan 
method of Adams  (1957)  was used on formalin sec- 
tions. 
Deamination of tissue sections was accomplished by 
means of the  Van  Slyke  nitrous  acid  procedure  as 
used by Deitch  (1955).  Sections were treated for 30 
minutes at room temperature to destroy the e-amino 
groups of lysine, a treatment that leaves the guanidino 
groups  of arginine  intact  (Deitch,  1955;  Springall, 
1954).  Amino groups were blocked by treatment with 
10 per cent neutral buffered formalin for 3 hours at 
room temperature. 
RESULTS 
Sections of ovotestis stained for nucleic acids show 
a  clear  picture  of RNA  distribution  during  the 
growth of the  oocytes  (Fig.  1).  Stainability with 
basic  dyes,  except  for  the  heavily  stained  acid 
mucopolysaccharides of the test cells, is  due  pri- 
marily  to  high  concentrations of  nucleolar  and 
cytoplasmic  RNA,  DNA  staining  being  evident 
only  when  bivalents  are  visible  during  meiosis. 
Concentrations of RNA  in  the  oocyte cytoplasm 
first become evident as the oocyte begins its initial 
period  of  growth,  and  they  increase  until  yolk 
accumulation  begins.  The  concentration  of  nu- 
cleolar  RNA  also  parallels  the  growth  of  the 
nucleolus  which  shows  a  continuous  increase  in 
size prior to yolk accumulation. After the stage of 
maximum  cytoplasmic  RNA  is  reached,  yolk 
begins  to  accumulate  in  the  cytoplasm  and  the 
apparent  concentration  of  RNA  drops  as  the 
oocyte fills with yolk. At the completion of growth 
the cytoplasm still stains for RNA,  but at  a  con- 
siderably lower level than prior to the appearance 
of yolk.  The  staining of both  the  cytoplasm and 
nucleolus  of oocytes by  basic  dyes  is  completely 
abolished  by  prior  incubation  in  ribonuclease 
(Fig.  2). 
When both nucleic acids are removed with hot 
TCA  and  sections  are  stained  by  means  of  the 
I~GURE  1  Section  of  ascidian  oocytes  stained  for 
nucleic  acids.  Staining  shows  distribution  of  nucleic 
acids  in  young  and  old  oocytes.  The  test  cells  (re) 
surrounding  the  oocytes  are  heavily  stained  due  to 
the presence of acid mucopolysaccharides, ac, accessory 
cells.  Methyl  green-pyronin  stain;  acetic-ethanol 
fixation. X  850. 
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after  RNA  was  removed  by treatment  with  ribonu- 
clease.  Note  that  nucleic acid  staining is  abolished. 
Methyl  green  pyronin stain;  acetic-ethanol  fixation. 
X  350. 
I~GURE 3  Section of young oocytes  stained for basic 
proteins  after  nucleic acids  were  extracted  by treat- 
ment with hot TCA. Note large  amount of basic pro- 
reins in the  cytoplasm.  Fast  green  stain  at  pH  8.1; 
formalin fixation.  X 350. 
alkaline fast green method at pH 8. l, the presence 
of large  amounts of basic  proteins is  revealed  in 
the cytoplasm of the young oocytes (Fig. 3).  This 
fast  green  staining  closely  parallels  cytoplasmic 
RNA staining during  the  early  stages  of  oocyte 
growth. Cytoplasmic fast green staining, like basic 
dye  binding by  RNA,  reaches  a  maximum just 
prior  to  the  onset  of yolk  accumulation.  Unlike 
RNA,  however, which, while diminishing in con- 
centration  after  yolk  deposition,  still  stains  to  a 
considerable degree  throughout  the  remainder of 
oocyte growth,  cytoplasmic basic proteins appear 
to decrease  quickly subsequent to yolk deposition 
and soon become undetectable. In addition to the 
cytoplasmic alkaline fast green staining of oocytes, 
the accessory cells of the oocyte also contain pro- 
teins which stain at pH 8.1  following TCA treat- 
ment.  In  some  species,  however,  there  is  no 
evidence of any accessory cell system. In all cases, 
formalin-fixed  sections  which  had  not  received 
TCA treatment prior to staining were completely 
unstained (Fig. 4). 
When  only RNA  is removed  from  sections  by 
either ribonuclease or cold  perchloric  acid,  cyto- 
plasmic staining of oocytes  is  identical with  that 
produced  after extraction of nucleic acids by hot 
TCA; however, where present,  the accessory cells 
no longer stain to any appreciable degree (Fig. 5). 
In addition to  oocytes  and  accessory cells whose 
basic  proteins  are  detectable  in  the  cytoplasm, 
in some species large  somatic cells are  present in 
the ovaries, often in considerable numbers, which 
possess  cytoplasmic inclusions stainable with alka- 
line fast  green after treatment with hot TCA.  In 
general these cells show the same staining behavior 
as  the  accessory cells,  the  staining being evident 
only after TCA treatment. 
Staining for general proteins with either brom- 
phenol blue or fast green at low pH, without prior 
removal of RNA,  results in heavy staining of the 
cytoplasm  of  the  older,  yolk-laden  oocytes,  but 
almost no staining in the cytoplasm of the young 
oocytes (Fig. 6). Removal of RNA prior to staining 
allows an intense cytoplasmic staining of the young 
oocytes, while the older oocytes remain stained as 
before  (Fig.  7).  The  protein  staining of the  ac- 
cessory  cells  remains  unchanged  after  removal 
of RNA. 
When sections are deaminated prior to  the re- 
moval of RNA,  alkaline fast  green stainability is 
abolished  completely  in  the  accessory  cells,  but 
only diminished slightly in  the  cytoplasm  of the 
young oocytes  (Fig.  8).  However,  when  sections 
are deaminated in exactly the same manner, but 
after  the  removal  of RNA,  stainability is  nearly 
abolished  even  in  the  young  oocytes  (Fig.  9). 
Deamination was  performed  in  this  manner  on 
both  acetic-ethanol  and  formalin-fixed  sections. 
The only difference noted between the two types 
of fixation, other than the loss of some protein with 
acetic-ethanol fixation, was that deamination was 
unable to  completely  eliminate  stainability even 
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teins  without  prior  extraction  of  nucleic  acids.  Note 
complete lack of staining. Fast green stain at pH  8.1; 
formalin fixation.  X  850. 
FIGURE  6  Section  of  oocytes  stained  at  low  pH  for 
general proteins. Note heavy staining of cytoplasm of 
the older, yolk-laden oocytcs, but almost no staining in 
cytoplasm of young oocytes.  Brom-phenol blue stain; 
acetic-ethanol fixation.  M 850. 
FIGURE  5  Section  of  oocytes  stained  for  basic  pro- 
teins after RNA was extracted by treatment with cold 
perchloric  acid.  Note  that  cytoplasmic  staining  is 
similar  to  that  obtained  after  extraction  of  nucleic 
acids by hot TCA (see Fig. 3). Fast green stain at pit 
8.1; formalin fixation. X  350. 
FIGUaE  7  Section  of  ooeytes  stained  at  low  pH  for 
general proteins after removal  of  RNA  by treatment 
with  cold  perchloric  acid.  Note  intense  staining  of 
cytoplasm of young oocytes, while older oocytes remain 
stained  as  in  Fig.  6.  Brom-phenol blue  stain;  acetic- 
ethanol fixation. ;( 350. 
after the removal of nucleic acids in material fixed 
with  acetic-ethanol,  whereas  it  prevented  even  a 
trace  of stain  in  tissue  fixed  in  formalin.  Acetic- 
ethanol fixation was used to eliminate the blockage 
of amino groups by formalin. There is some loss of 
basic protein with this fixation,  but this is unim- 
portant  when  comparing  identically  treated  sec- 
tions of tissue. There is little danger of cytoplasmic 
contamination  with  basic  protein  lost  from  the 
nucleus,  because  both  nuclear  DNA  and  basic 
proteins  occur  in  extremely  small  amounts  with 
respect  to  cytoplasmic  volume. 
Treatment of sections with  10  per cent neutral 
buffered  formalin  before  RNA  is  removed  com- 
pletely  eliminates  alkaline  fast  green  stainability 
in  the  accessory  cells and  lowers  the  cytoplasmic 
stainability in  the  young  oocytes  (Fig.  10).  The 
same  formalin  treatment,  but  after  RNA  is  re- 
moved,  completely prevents all alkaline fast green 
staining (Fig.  11). 
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protein  after  nitrous  acid  deamination  is  performed 
prior  to  removal  of  RNA.  Note  that  staining is  di- 
minished only slightly in cytoplasm of young oocytes, 
and is abolished in accessory cells.  Fast green stain at 
pH 8.1; acetic-ethanol fixation.  >( 350. 
FIGURE 10  Section  of  oocytes  stained for  basic pro- 
tein  after  postfixation  with  formalin  is  performed 
prior to removal of RNA.  Note diminished staining of 
cytoplasm  of  young  oocytes.  Fast  green  stain  at  pH 
8.1; formalin fixation.  X  350. 
FrGURE  9  Section of young oocytes stained for basic 
protein  after  nitrous  acid  deamination  is  performed 
following tile removal of  RNA.  Note  that staining is 
abolished  in  the  cytoplasm  of  young  oocytes.  Fast 
green stain at pH  8.1;  acetic-ethanol fixation.  X  350. 
FIGURE 11  Section  of  oocytes  stained for  basic pro- 
tein after post  fixation with formalin is performed follow- 
ing the  removal  of  RNA.  Note  complete  absence  of 
cytoplasmic  staining  in  young  oocytes.  Fast  green 
stain at pH 8.1; formalin fixation. )< 350. 
Application  of  the  Adams'  (1957)  tryptophan 
method to formalin-fixed sections results in a rather 
strong  reaction  in  the  cytoplasm  of  the  yolky 
oocytes  and  the  accessory  cells,  but  the  young 
oocytes show only a  negligible reaction  (Fig.  12). 
DISCUSSION 
The  cytoplasm  of  the  young  oocytes  is  charac- 
terized  by the  presence  of high concentrations of 
proteins,  which  are  stainable  with  fast  green  at 
pH  8.1  and  above.  Proteins  capable  of  binding 
fast  green  at  these  pH  levels are  normally found 
only in cell nuclei where they are  associated with 
chromosomal  DNA.  In  several  cases,  however, 
basic proteins have been reported in the cytoplasm 
of eggs  where  DNA  reserves are  known  to  occur 
(Taleporos,  1959;  Horn,  1962).  The  results  ob- 
tained  with the  ascidian  oocytes  indicate  that all 
detectable  cytoplasmic  basic  proteins  are  bound 
to  RNA. 
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these proteins can be stained even by acid dyes at 
low pH,  it appears  that the protein amino groups 
are bound by the RNA. It is possible that the basic 
groups  are joined  to  the  phosphoric  acid  groups 
on  the  RNA  by  means  of salt-links,  as  has  been 
postulated  for  the  DNA-histone  complex.  Care 
must  be exercised, however, in interpreting  inter- 
ference with  protein  staining  by nucleic acids.  As 
Swift (1955)  has pointed  out,  high concentrations 
of  charged  groups  could  inhibit  the  staining  of 
components  in  the  vicinity  bearing  an  opposite 
charge  by  inhibiting  the  approach  of  similarly 
FIGUnE  12  Section of oocytes stained for tryptophan. 
Note strong staining in cytoplasm of yolky oocytes and 
accessory  cells,  but  only negligible staining  in  young 
oocytes.  Dimethylaminobenzaldehyde reaction; forma- 
lin fixation. X  850. 
charged  dye  ions.  The  two substances  would  not 
have to actually be in chemical combination with 
each other to allow this effect. Thus,  it is possible 
that the negatively charged RNA molecules could 
inhibit  the  approach  of  negatively  charged  dye 
ions to such an extent that dye binding of proteins 
in  the  vicinity  would  be  prevented.  Evidence 
against  such an inhibitory mechanism is obtained 
from results with deamination and formalin block- 
age of protein  amino groups.  Both of these  treat- 
ments  are  capable  of abolishing  fast  green  stain- 
ability in  the  absence  of RNA  by  destruction  or 
blockage of enough amino groups to eliminate the 
net  positive charge  on  the  protein  molecule.  The 
fact that neither treatment can abolish stainability 
in the presence of RNA indicates that the RNA is 
capable  of  protecting  enough  amino  groups  to 
retain the net positive charge on the protein.  Simi- 
lar  experiments  on  spermatogenic  tissue  indicate 
that  DNA is  capable  of protecting  nuclear  basic 
proteins against deamination in the same manner. 
Thus it appears that, in the young oocytes, RNA is 
associated with a  basic protein as a  nucleoprotein 
complex. 
In  spite  of the  fact  that  there  have  not  been 
previous  reports  of  cytochemically  demonstrable 
basic proteins in association with ribosomal RNA, 
several  biochemical  studies  have  appeared  which 
indicate that in some cases the ribosomes of somatic 
cells contain  such  proteins  (Crampton  and  Peter- 
mann,  1959;  Butler,  Cohn,  and  Simpson,  1960; 
Leslie,  1961;  Setterfield  et  al.,  1960).  Whether  or 
not  these  RNA-associated  basic  proteins  are 
similar to the basic proteins associated  with DNA 
is not certain, but their isoelectric points are in the 
same  range  as  nuclear  histones.  Setterfield  et  al. 
(1960)  were  able  to  distinguish  sixteen  fractions 
of basic  proteins,  which  differed  in  their  electro- 
phoretic  mobility,  from  the  ribosomes  of  pea 
seedlings.  They also noted  that  slight cytoplasmic 
alkaline  fast  green  staining  also  occurred  in  the 
meristematic  tissues  of  these  seedlings.  Other 
tissues, however, such as liver, show no cytoplasmic 
fast  green  staining  in  spite  of the  fact  that  basic 
proteins have been shown to exist in the ribosomes. 
The  fact  that  some  basic  ribonucleoproteins  are 
demonstrable  with  alkaline  fast  green  and  others 
are not, may indicate a difference in concentration 
of basic ribosomes in the cell, or differences in the 
proportion  of  basic  protein  to  other  ribosomal 
components. 
The  cytoplasmic  RNA  of  the  older  ascidian 
oocytes  shows  no  evidence  of  being  associated 
with basic proteins.  Since in the young oocyte the 
staining  levels  for  RNA  and  basic  protein  are 
roughly  the  same,  one  might  expect  a  similar 
relationship  to  exist  in  the  older  oocytes,  but  at 
lower  concentration  due  to  dilution  by  yolk  ac- 
cumulation.  That  such  is  not  the  case  points  to- 
ward the fact that the relationship of basic proteins 
to  detectable  RNA  undergoes  change  during 
growth  of  the  oocyte.  Such  a  change  could  be 
brought about by the synthesis of a  new ribosomal 
population,  or  the  loss  of basic  protein  from  the 
existing  ribosomes. 
The  basic  proteins  found  in  the  accessory cells 
differ from those of the oocyte in that they appear 
not  to  be  bounded  to  nucleic  acids.  The  nucleic 
acids  of these  cells  are  confined  to  a  very  small 
nucleus,  while  the  basic  proteins  are  distributed 
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high  concentrations.  The  staining  level  of  these 
proteins with acid dyes at low pH does not increase 
noticeably  after  treatment which removes nucleic 
acids.  This reaction is in marked  contrast  to that 
of  the  cytoplasmic  basic  proteins  of  the  young 
oocytes. Basic protein stainability in the accessory 
cells  is  abolished  by  both  deamination  and  for- 
malin  treatment  under  conditions  where  nucleic 
acids  can  protect  the  amino  groups  of  proteins 
associated with them.  This result also differs from 
that with basic protein fractions which are associ- 
ated  with nucleic acids.  That  treatment  with hot 
TCA is a  prerequisite to alkaline fast green stain- 
ability of the accessory cell proteins can not then, 
in  this  case,  be  interpreted  to indicate that  these 
proteins are bound to nucleic acids. The action of 
TCA is probably to remove the amino group block- 
ing,  incurred  during  formalin  fixation,  which 
prevents  acid  dye  binding  at  high  pH.  Removal 
of nucleic acids by methods which do not reverse 
formalin blockage do not allow alkaline fast green 
staining  of  the  accessory  cell  proteins.  These 
proteins,  however,  stain  with  alkaline  fast  green 
without TCA treatment after fixation by methods 
which do not block amino groups. 
The results with the methods used for the detec- 
tion of tryptophan  indicate that in young oocytes, 
though high concentrations of cytoplasmic proteins 
exist,  there  is  a  negligible  amount  of this  amino 
acid present.  Such a  lack of tryptophan  is similar 
to that in the DNA-bound histones.  Both the yolk 
proteins  of the  older  oocytes and  the  proteins  of 
the accessory cells, however, contain considerable 
amounts  of tryptophan.  In the case  of the latter, 
this could point to a difference in amino acid com- 
position between the basic proteins of the accessory 
cells and the oocytes, or merely indicate a  hetero- 
geneity of protein types. 
CONCLUSION 
Clear,  well  defined  changes  in  the  amount  and 
kind  of  cytoplasmic  ribonucleoproteins  during 
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